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ADJUSTABLE-LOAD UNITARY MULTI-POSITION 
BENCH EXERCISE UNIT 

Related Applications : 

This application is a non-provisional application based on U.S. 
5 Provisional Patent Application Serial No. 60/188,381, filed March 10, 2000, 
entitled Variable Load Multi-Position Bench Exercise Unit and Associated 
Group Exercise Program, which is hereby incorporated by reference in its 
entirety. 

Field of the Invention : 
10 This invention relates to the field of exercise equipment, and more 

particularly to the field of multi-position, convertible exercise equipment. 

BACKGROUND 

Existing exercise units for resistance training, such as weight lifting, 
include those having weight stacks that require physically changing the 

15 number of plates selected in order to change the load felt during the particular 
exercise. These units also have several different "stations" for different 
exercises, and often weigh at least as much as the maximum weight able to be 
selected, which is often 150 to 200 pounds. These units take up quite a bit of 
space and are very difficult to move once positioned in a commercial fitness 

20 facility or in one's home. 

Other exercise devices that allow resistance training use resilient bands 
or rods. These devices include benches and vertically-extending structures to 
facilitate various exercises. While taking up much less space than machines 
based on weight stacks, the different exercises offered are limited. In 

25 addition, the resistance loads are typically not constant due to the spring force 
nature of their resistance systems. 
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What is needed in the art is a unitary bench-based exercise unit that 
allows the convenient modification of the exercise load, convenient exercise 
position changing, takes up minimal vertical space, and can provide a constant 
load level to replicate the use of free-weights. 

5 SUMMARY 

An exercise unit of the present invention is disclosed herein that 
overcomes the shortcomings discussed above. The exercise unit is a bench- 
based, easily adjustable load exercise system using a resistance engine that can 
provide a constant load level through the entire range of motion. The exercise 
10 unit is compact, has a minimal vertical height, provides various exercise 

positions, and weighs much less than the maximum resistance load that it can 
create. 

In greater detail, the instant invention includes an exercise unit having 
a frame, a seat positioned on said frame, a resistance engine attached to said 
15 frame and utilizing elastomeric springs, and an actuator attached to said 

resistance engine wherein said resistance engine provides a constant load to a 
user when said actuator is actuated. 

In addition, the above exercise unit can include a resistance engine that 
is able to be selectively pre-loaded. 
20 In addition, the above exercise unit can include a frame defining a 

bench, with the resistance engine positioned completely below the seat. The 
invention can further include a spiral pulley used to provide a constant load 
when using the resistance engine. 

In another aspect of the invention, the bench exercise unit can include a 
25 frame, a seat positioned on the frame, a resistance engine including means for 
providing a constant load, at least one movable arm, and an actuator attached 
to said resistance engine. 

In further detail, the one arm is movable in one dimension, two 
dimensions, or three dimensions. 
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An additional feature of the present invention is that the bench exercise 
unit is easily movable by a person, and minimizes the vertical space that it 
requires. 

The instant invention provides several benefits, including the ability to 
5 adjust the load without switching plates or removing or replacing any portion 
of the exercise device, easy transition from one bench configuration to the 
next for different exercises, combination upper body and lower body workouts 
on the same machine, and a close approximation to the feel of using free- 
weights. 

10 Other aspects, features and details of the present invention can be more 

completely understood by reference to the following detailed description in 
conjunction with the drawings, and from the appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 is a front perspective view of the bench exercising unit of the 
15 present invention. 

Fig. 2 is an elevation view of the bench exercising unit of the present 
invention, with the resistance engine removed for clarity, showing the frame, 
cable/pulley system, the idler, the pre-load mechanism, the pre-load locking 
mechanism, and the seat back and bottom. 
20 Fig. 3 is a rear perspective view similar to Fig. 2 except the resistance 

engine is shown, and the seat back is raised. 

Fig. 4 is a top plan view showing the various ways the arms may be 
positioned. 

Fig. 5 is an enlarged view of the chain drive system (including the 
25 idler), as well as part of the cable/pulley system, in addition to the pivot 
structure between the arm and the frame. 

Fig. 6 is an enlarged view of the arm, including the arm bracket, end 
bracket, pivot structure, corner pulley, end pulley, and pop-pin structure. 

Figs. 7a-c show various positions of the end bracket on the arm relative 
30 to the arm bracket. 
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Fig. 8 is a perspective view the spiral pulley. 

Fig. 9 is a side view of the spiral pulley. 

Fig. 10 is a different perspective view of the spiral pulley. 

Fig. 1 la is a side view of the plate housing, showing the hangers and 



5 the central hub. 

Fig. 1 lb is a section view taken along line 1 lb-1 lb of Fig. 11a. 

Fig. 1 lc is a view of the elastomeric spring structure, showing the 
splined hub and extending loops for use on the plate housing. 

Figs. 12a-c show the spline plate for use in connecting between 
10 elastomeric spring structures. 

Fig. 13 is an enlarged view of the pre-load mechanism with one side of 
the resistance engine removed. 

Fig. 14 is a partial view of the pre-load mechanism limit device in an 
extreme position. 

15 Fig. 15 is a partial view of the pre-load mechanism limit device in an 

intermediate position moving toward the opposite extreme position. 

Figs. 16 and 17 are views of the pre-load locking mechanism in the 
unlocked and locked forms, respectively. 

Fig. 18 is a graph showing the constant load levels upon full extraction 
20 of the cable given the pre-load force. 



The adjustable-load multi-position bench unit 40 of the present 
invention is shown in Fig. 1. The bench unit 40 includes a frame structure, an 
25 adjustable seat bottom 44 and seat back 46 structure, variable position arm 
structures 48, a standing support platform 50, and a load or resistance 
engine 52. The cable 54 used in the system is shown in dash. The bench 
unit 40 is convertible to several different configurations to allow a user to 
perform many different exercises on this one piece of equipment. The bench 
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unit 40 is also easily portable to allow it to be moved by the user from one 
location to another, such as from an active exercise area to a storage area. 

The seat bottom 44 and seat back 46 structure, resistance engine, 
adjustable arm structure 48, and standing support platform 50 are all attached 
5 to the frame 42. The bench unit has rollers 56 at one end of the frame 
structure 42 to allow the bench unit to be rolled by the user to the desired 
position. The bench unit can also be stood on end, the same end at which the 
rollers are attached, to allow for efficient vertical storage of the bench. 
Storing the bench in a vertical orientation minimizes the floor space taken up 
10 by the bench when stored. 

The seat bottom 44 and seat back 46 structure are attached to the 
i|3 frame 42 in a manner that allows them to be adjusted with respect to the 

!2 frame. The seat bottom 44 can be adjusted from a horizontal position to an 

ID inclined position. The seat back 46 can also be adjusted from a horizontal 

jV] 15 position to an inclined position. The adjustable arms 48 can be moved to 

several positions in horizontal arcs along the support surface 58, from parallel 
q to the bench unit 40 and extending toward the standing platform 50 to parallel 

!t = to the bench unit and extending toward the seat. 

03 The resistance engine 52 is attached to the frame 42 and is positioned 

20 generally below the seat bottom 44. The resistance engine extends laterally to 
both sides of the frame, and does not interfere with the movement of the 
adjustable arms 48 or the user. The resistance engine is easily adjustable to 
various desired constant load levels, thereby replicating a free-weight effect, 
and eliminates the need for adding or removing more traditional weight plates 
25 or stack plates. In addition, the resistance engine weighs much less than the 
load it can create for the user. 

The standing support plate 50 rests on the support surface 58 and is 
adjustable with respect to the frame 42. The user can stand on the support 
plate for various exercises (typically when the arms 48 are extending parallel 
30 to the bench and toward the support plate). This helps anchor the bench 40 to 
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the support surface during these exercises, and provides a stable and 
consistent area for the user to stand during these exercises. 

The instant invention provides a relatively small bench unit 40 that is 
convertible to allow several different exercises, and includes an easily 
5 adjustable resistance engine 52 compactly positioned beneath the bench and 
out of the user's way. 

Referring still to Fig. 1, and to Figs. 2 and 3, the frame 42 has a base 60 
generally shaped like a "T" for engaging the support surface 58. The cross- 
member 62 of the "T" is the foot end of the bench 40, while the long base 
10 member 64 of the "T" extends along the bench, with its free end 66 

terminating at the head end of the bench. The long base member 64 of the "T" 
is made of tubular steel, having a square or circular section, and the cross 
member 62 is preferably made of tubular steel having a circular or square 
cross section. 

15 The wheels 56 for allowing easy transport of the bench unit are 

attached at either end of the cross member 62. Two upright support posts 68 
and 70 extend from the long base member 64 of the "T", one adjacent the 
intersection of the cross member 62 and the second adjacent the free end 66 of 
the "T". A longitudinally extending top member 72 is attached to the top of 

20 the upright support posts. This top member supports the seat bottom 44 and 
seat back 46, which are both adjustable to various positions on the top 
member 72 of the frame 42. 

Two resistance engine support brackets 74 and 76 (only one is shown, 
see Figs. 23 and 13) extend upwardly from the base member 64, one from 

25 either side, near the cross member 62 to support the resistance engine 52. The 
brackets act as a mounting structure for securely holding the resistance engine 
in place between the upright posts 68 and 70, near the foot end, and below the 
top member 72. The top of each bracket defines an arcuate cutout 78 therein 
for receiving a similarly-shaped portion of the preload mechanism portion 80 

30 of the resistance engine. 
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Another bracket 82 extends upwardly from the base member 64, near 
the head end upright 70, to hold the idler structure 84 for the chain drive 86. 

A lateral support beam 88 (Figs. 1 and 3) extends from the head end 
upright member 70, and at each end 90 and 92 defines a support 94 and 96 for 
5 a guide pulley 98 and 100 and the pivot structure 102 and 104 for the 
respective adjustable arm 48. 

Both ends 90 and 92, supports 94 and 96, guide pulleys 98 and 100 and 
pivot structures 102 and 104 are preferably identical; therefore, in the 
description of the invention reference to only one of such structures may be 
10 made. 

A pair of fairleads 106, each of which are preferably identical, are 
suspended from the top member 72 to act as guides for the cable 54. A 
portion of the frame extends downwardly from the top member, from which a 
fairlead extends laterally therefrom to either side. As described below, the 

15 fairlead can be any suitable cable guide that does not abrade or degrade the 
cable. One suitable fairlead is a grommet having a beveled inner diameter and 
being made of hard coat anodized aluminum for long wear and reduced 
abrasion of the cable. 

A pivot bracket 108 (see Fig. 2) extends upwardly from the top 

20 member 72 to support the rear end of the seat bottom 44 and the bottom end of 
the seat back 46 and allows them to pivot at that point to a desired position, as 
is described below. A collar 110 extends laterally to one side of the top 
member for receiving a pop-pin 112 for use in the adjustment of the back 
portion 46, also as is described in greater detail below. 

25 The frame 42 can be made of any material as long as it can withstand 

the forces and support the functions as described herein. 

Referring still to Figs. 1, 2 and 3, the seat is made up of a seat back 
portion 46 and a bottom portion 44. The rear end of the bottom portion and 
the bottom end of the back portion are pivotally attached at a pivot or 

30 hinge 108 on the top member 72 of the frame 42. The back portion can be 
adjusted between a horizontal position and inclined positions. A partial 
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disk 1 14 having holes along its perimeter extends downwardly from the 
bottom of the rear side of the back portion (see Fig. 3). The holes align with a 
pop-pin structure 112 positioned in the collar 1 10 on the top member to hold 
the back portion at the desired horizontal or inclined level. The particular 
5 positions of the back portion are determined by the position of the holes along 
the perimeter of the partial disk. 

The bottom portion 44 can be adjusted from a horizontal position to an 
inclined position by pivoting around the hinge 108. A post 116 extends 
downwardly from the underside of the bottom portion and slidably inserts into 

10 the upright at the foot end of the frame 42. A pop-pin structure 1 18 on the 
foot end upright 68 selectively engages holes formed in the post to position 
the bottom portion as desired. Typically, the bottom portion can be positioned 
in a horizontal orientation and one inclined orientation, however these 
positions are dependent on the number and location of the positioning holes 

15 formed in the post. 

Referring to Figs. 3 and 4, the standing support platform 50 is a flat 
plate positioned at the back end of the frame base 60 and is movable between 
an extended and retracted position (see Figs. 3 and 4). The platform is large 
enough for a person to stand on for performing exercises and has some type of 

20 friction surface on its top side, such as friction tape or metal texturing 

protrusions. The platform is attached to a post 120 which slides in and out of 
the frame base member 60 and is fixed in position by a pop-pin 122. The 
standing support platform thus telescopes in and out of the base member of the 
frame. The platform has a curved outer edge 124, and defines a hand-grip 

25 near the outer edge for use in guiding the bench 40 when suspended on its 

wheels 56. In the retracted position the bench unit is easier to move and store, 
and in the extended position the support platform is positioned more properly 
for performing exercises. 

Referring to Figs. 1-7, each of the arms 48 is attached to an end 90 or 

30 92 of the lateral support beam 88. The attachment structure 102 and 
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associated integral cable guide structure 126 for each arm is preferably 
identical, so only one side is described herein. 

The arm 48 is attached to the lateral beam 88 by a pivot structure 102 
which allows the arm to swing with respect to the frame 42 approximately 
5 180° in a horizontal plane, as described generally above. The pivot structure 
is thus oriented so that the pivot axis extends vertically relative to the 
bench 40 while sitting on a horizontal support surface 58. The arm is 
positioned adjacent to the support surface (floor) to form a low pulley for 
various exercises performed on the bench unit. 

10 Referring more specifically to Fig. 6, the arm 48 includes an arm 

bracket 128, an end pulley bracket 130, and a pivot mount 132. The arm 
bracket has a generally triangular shaped side plate 134 with a sloped top 
edge 136, a vertical side edge 138 and a horizontal bottom edge 140. (See 
Figs. 6 and 7B). The top edge forms a surface that attaches the two side plates 

15 together. The vertical side edge and the bottom edge are open and not 
continuously attached together. 

The pivot mount 132 (preferably tubular in shape with a hollow center) 
is formed in the arm bracket 128 on the vertical side edge 130 and is received 
by an upper and lower pivot retainer 142 (only one shown in Fig. 2) positioned 

20 on the end of the lateral beam 88 (see Fig. 6). The pivot retainers 142 are 
each preferably circular bosses with open centers. The pivot mount is 
attached to the pivot retainer, as is known in the art. This forms a pivot 
connection between the arm 48 and the frame 42 that defines an open 
channel 144 along the pivot axis through which the cable 54 passes. The pivot 

25 retainer is oriented vertically on the lateral beam, and the pivot mount engages 
the pivot retainer to allow the arm to pivot around a vertical pivot axis in the 
horizontal plane, preferably parallel to the support surface 58 the bench 
unit 40 is resting on. This allows the arm to pivot about an axis which is 
concentric with the extension of the cable through the pivot structure. The 

30 importance of this is discussed below. 
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Referring still to Fig. 6, the arm bracket 128 includes a corner 
pulley 146 which is positioned such that its outer circumference is 
substantially tangential with the vertical pivot axis. 

A cutout 148 is formed along the vertical side edge 138 of the arm 
5 bracket 128. A chain gear 150 having a centrally-positioned aperture is 
attached in a horizontal orientation in the cutout, with its aperture aligned 
with the pivot axis to allow the cable to extend therethrough. The gear 150 is 
fixed to the arm bracket by welding or the like. The gear is used as part of a 
chain-drive system to coordinate the movement of the arms to corresponding 

10 proper positions, as described below. 

Since the bottom edge 140 of the arm bracket 128 is open, a 
retainer 152 is attached across the open space between the side plates 134 to 
help keep the cable 54 on the corner pulley 146. Ideally, the retainer is 
attached to the side plates at a location that is closest to the location where the 

15 cable exits the corner pulley and extends toward the end pulley 154, thereby 
keeping the cable properly aligned on the pulley as the cable is pulled and 
retracted on the cable-pulley system. 

A pop-pin structure 156 is used to hold the arm 48 in the desired 
position along its horizontal arc of motion (see Fig. 6). The pop-pin is spring- 

20 loaded, as is known in the art, and is positioned to extend vertically from the 
top surface 136 of the arm bracket 128 and selectively extend slightly out of 
the bottom edge 140 of the arm bracket to engage the position plate 158, as 
described below (see Fig. 3). Since the cable 54 extends along the bottom 
edge of the arm bracket, a pass-through retainer 160 (preferably rectangular in 

25 shape with an open center) is used to keep the pop-pin motion (up and down) 
from interfering with the cable. The pop-pin includes a handle 162 extending 
from the top of the arm bracket, a rod 164 extending from the handle through 
the arm bracket to the pass-through retainer, a spring 166 surrounding the rod, 
and a pin 168 extending from the bottom of the pass through retainer. 

30 Still referring to Fig. 6, at the outer end 170 of the arm bracket 128, an 

end pulley bracket 130 is attached pivotally to the arm bracket to rotate along 
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a horizontal axis (the longitudinal axis of the cable extension along the bottom 
of the arm bracket). The end pulley bracket includes an end pulley 154 whose 
circumference is substantially tangential and in alignment with the pivot axis 
of the end pulley bracket with respect to the arm bracket. The end pulley 
5 bracket is attached to the outer end of the arm bracket by a pivot structure 172 
that also defines a channel 174 through the pivot axis. This pivot axis is 
oriented horizontally so the end pulley bracket pivots through a vertical arc. 
The cable extends through the channel formed in the pivot structure and 
engages at least a part of the end pulley. Figs. 7A, B and C show the 
10 movement of the end pulley to keep the pulley in line with the direction of the 
cable 54. 

Referring to Figs. 1, 3 and 4, a position plate is mounted to the main 
member 64 of the frame adjacent the head end upright 70 and extends in an 
arcuate shape along the support surface and below the arm. The positioning 

15 plate has a plurality of holes formed therein for receiving the positioning pop- 
pin 156 of the arm bracket 128. The arm bracket is rotated about the pivot 
structure 102 on the lateral beam 88 to the desired position and then secured 
in place by positioning the pop-pin in the respective hole of the position plate 
for the desired position and exercise. To move the arm 48, the pop-pin is 

20 pulled upwardly to disengage the pin 168 from the hole until the new position 
is obtained. There can be a position plate mounted on either side of the 
frame 42, one for each arm. Or, if there is a system for simultaneously 
moving each arm (such as the chain drive system described below), the 
position plate can be mounted on one side only. 

25 Many different types of pivot structures for attaching the arm to the 

frame are acceptable as long as the pivot structure 102 allows the arm 48 to 
pivot along the support surface 58 and the structure is strong enough to 
withstand the forces applied thereto. The pivot should ideally also allow the 
cable 54 to extend through the pivot structure along the pivot axis. 

30 Referring primarily to Figs. 1 and 5, the chain drive mechanism 86 

allows the user to adjust the position of one arm 48 along its arc of movement 
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while at the same time moving the other arm correspondingly to the selected 
. position. This keeps the user from having to separately move both arms and 
insures that the arms are similarly positioned. 

The chain drive mechanism 86 includes the gears 150 attached to each 
5 of the arm brackets 128 (as described above) and a chain 170 extending 

therebetween. The chain extends in a "figure-8" around the two gears to make 
the "driven" arm move in the same direction as the "driving" arm. If the chain 
is simply looped around the gears, not in a "figure-8", the arms would move in 
opposite directions. An idler block 84 made of a smooth and sturdy material, 

10 such as plastic or the like, is mounted on the frame 42, under the top 

member 72, to tension the chain. Preferably, there is an idler block for each 
length of chain as it spans between the gears, and associated with each idler 
block is a channel through which the chain lengths each pass to keep the 
lengths of chain from interfering with one another. Because of the "figure-8" 

15 configuration of the chain, the lengths of chain between the gears cross over 
one another, and the channel structures keep the chain lengths separated. The 
idler blocks could be replaced with idler gears, but they are more expensive to 
assemble. Any structure that keeps the chain tensioned and allows it to move 
relatively freely is an acceptable idler structure. 

20 With the chain drive system 86 in place, when one arm 48 is moved 

(the "driving arm"), the other arm (the "driven arm") also moves to the proper 
desired location. The chain drive system also eliminates the need to have a 
separate securing mechanism 158 for the "driven" arm. The chain engagement 
with the gears 150 that are attached to the arm brackets 128 securely holds the 

25 "driven" arm in the proper position without the need for a separate positioning 
plate 158. A separate positioning plate can be used if desired, but is not 
required. 

It is contemplated that the arms 48 could also be constructed to move in 
two or three dimensions instead of the one dimensional movement now 
30 allowed by the described structure. This would provide for an increased 

number of positions to allow for different exercises. The structural means for 
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allowing the arms to move in two or three dimensions are currently available 
to one of ordinary skill in the art. 

The resistance engine 52, as shown in Fig. 1, is positioned at the front 
end of the frame and generally below the seat bottom 44, near the cross 
5 member 62, between the first 68 and second 70 upright support posts. The 
resistance engine includes a mechanism that allows for adjustable load 
resistance settings in the embodiment shown in Fig. 1. The resistance engine 
extends laterally from the frame 42, and is below the plane of the seat 
bottom 44, and extends outwardly approximately as far as the cross 

10 member 62. Different types of constant load (isotonic) resistance engines 
could be used, such as constant force or constant torque springs, or linear 
springs (in conjunction with a mechanical advantage compensation 
mechanism). Preferably, the resistance engine used in the bench unit 40 is 
that shown in U.S. Patent Nos. 5,209,461; 4,944,51 1; or 6,126,580, hereby 

15 incorporated in their entirety by reference. Another resistance engine that 

could be used is shown in U.S. Patent No. 4,363,480, also incorporated herein 
by reference. 

The preferred resistance engine, as described in more detail below is 
attached to a cable pulley system to allow the user to exercise by grasping the 

20 cables and working against the resistance engine by pulling the cables. The 
cable 54 is strung from the resistance engine 52 through a plurality of pulleys 
and guides to the arms 48. The free end 176 of the cable has a handle 178 
attached thereto. As referenced above, the arms are able to be adjusted to 
various positions to allow the user to perform different exercises such as, but 

25 not limited to, bench press, row, curls, flies, lunges and incline bench. These 
different exercises can be performed by simply repositioning the arms with 
respect to the frame and adjusting the seat structure as desired. 

The resistance engine 52 is made up of a plurality of packs as described 
in the incorporated references above. Each pack is generally a disk and has an 

30 interconnected rubber or elastomeric band on either side. A plurality of packs 
are each attached in series, with only one band of the end pack being attached 
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to a shaft which is positioned through but not connected to the center of each 
of the packs. The innermost pack is attached to the spiral pulley. The force or 
load sensed by the user is set by the pre-load mechanism. 

The spiral pulley 180 is shown in more detail in Figs. 8-10. Fig. 8 
5 shows a front perspective view of the pulley, the front side 1 82 being the side 
closest to the packs. The splined shank 184 on the front side of the spiral 
pulley engages the splined hub 186 of the elastomeric band member of the 
adjacent pack, which is described in greater detail below. Fig. 9 shows a side 
view of the spiral pulley 180 with the spiral track 188 for the cable defined 

10 therein. Fig. 10 shows a rear perspective view of the pulley, further detailing 
the spiral track and the aperture 190 to which the cable end 192 (see Fig. 1) is 
attached. The spiral track is designed in the spiral pulley to compensate for 
the non-constant (or non-isotonic) increasing load created by the elastomeric 
spring force, which occurs when the cable 54 is extended by the user. Without 

15 the spiral pulley, the load increases with the amount the cable is extended 
further by the user. The spiral pulley compensates to create a substantially 
flat constant load by increasing the moment arm (by increasing the diameter at 
which the cable is attached to the pulley to increase the leverage) as the cable 
is pulled outwardly during the exercise. 

20 The first end 192 of each cable 54 in the cable pulley system is attached 

to the appropriate spiral pulley 180 at the large radius end 226, and the cable 
is wrapped around the decreasing diameter until it extends rearwardly toward 
the fairload 106. As the cable is extended by the user the cable follows the 
cable path 188 formed in the spiral pulley in an ever-increasing radius to 

25 offset the ever-increasing load to create a near constant load through the entire 
exercise motion. The opposite end 176 of each cable is attached to a 
handle 178 of some sort for use by the exerciser. 

Referring to Figs. 1,11, and 12, the resistance engine 52 includes a 
series of packs 194 extending from each side of the frame 42. Each series of 

30 packs is preferably identical, so only one side is explained hereinafter. A pack 
includes a circular housing 196 having a central disk-shaped body 198 and a 
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rim 200 extending to either side of the disk at the circumference. A plurality 
of hangers 202, preferably eight, are formed on either side of the disk just 
inside of the rim, and are equally spaced. Each hanger evenly distributes 
stress and avoids abrading the spring 204. 
5 A hub 206 is formed in the housing for receiving the shaft 208 (see 

Fig. 13), as explained below, to allow the housing to rotate on the shaft. A 
rubber (elastomeric) spring or band 204 is positioned on each side of the 
housing. Each rubber spring has a central hub 210 defining an aperture 212 
with a splined inner diameter 214 that is larger than the outer dimension of the 

10 hub 206 on the housing 198. Extending outwardly from the hub 214 are a 
plurality of lobes or loops 216, one for each hanger. The loops each extend 
around and are held in slight tension by the hangers. 

A splined connector disk 218 (see Figs. 12 A, B and C) is used to 
connect the hub 210 of the spring of one pack 194 with the hub 210 of a 

15 spring of the adjacent pack 194. The disk 218 has a central aperture 220 

defined through a splined hub 222 which extends outwardly from either side o 
the disk. The splined hub 222 is received in the splined central aperture 212 
of the adjacent spring, thereby interconnecting the hubs of the adjacent springs 
in a torque-transmitting relationship. The hub 222 of the disk 218 is 

20 positioned over the hub 206 of the housing 196. The disk part spaces adjacent 
packs apart a minimum amount so the housings do not interfere with one 
another. 

The spiral pulley 180 and the packs 194 are positioned over but not 
attached to the shaft 208, and are interconnected together with the splined 

25 connector disks 218. The first pack, nearest the spiral pulley, is attached to 
the spiral pulley by the splined hub 184 on the outside wall 182 of the spiral 
pulley. Four more packs (in this embodiment) are positioned over the shaft. 
All of the spring hubs of the packs, except the first and last springs, are 
connected to adjacent spring hubs using the connector disks. The hub of the 

30 outermost spring on the outermost pack is attached to the outer end of the 
shaft 224 as an anchor, against which the load is created (see Fig. 1). 
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The cable/pulley system interacts with the resistance engine 52 through 
the spiral pulley 180. The cable 54 is attached to the spiral pulley at its 
outermost, largest diameter location 226 and wrapped along the cable path 188 
to the innermost, smallest diameter location 228. As the cable is tensioned 
5 (by extending the cable), the spiral pulley is rotated about the shaft 208 (the 
shaft does not, however, rotate) which in turn causes the attached first 
spring 204 on the first or innermost pack 194 to rotate. Because the first 
spring is attached to the hangers 202 on the first side of the housing 196 of the 
first pack, the movement of the housing causes the second spring 204 on the 

10 first housing to rotate since it is attached to the hangers on the second side of 
the first housing. The hub 210 on the second spring on the first housing is 
attached to the hub of the first spring on the second housing by the spline 
plate 218, which in turn starts to rotate around the shaft. This continues in 
series through each of the packs until the outermost pack, which has the 

15 outermost spring attached to the shaft at the hub of the spring as an anchor 

(see Fig. 1). This anchor point provides the fixed end against which the bands 
are stretched, which creates the load felt by the user. 

Thus, as the cable is extended, the spiral pulley 180 rotates and further 
stretches the springs in the packs to create the pre-set load felt by the user. 

20 The packs 194 all rotate in a direction to increase the load which results in 
work being done by the user by actuating the cable pulley system. The load 
felt by the user is affected by several factors, including the modulus of the 
spring material, the spring design, and the pre-load on the resistance 
engine 52. 

25 The spiral pulley 1 80 linearizes the load through the entire range of 

motion of the exercise. Without the spiral pulley, the load would increase as 
the displacement of the cable increases since elastomer springs are used to 
create the load. However, it is desirous to have a relatively constant load 
throughout the range of motion of the exercise for certain applications, thus 

30 the use of the spiral pulley. This beneficial constant, isotonic load is 
described in more detail below. 
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The resistance engine 52 is pre-loaded to the desired load for the given 
exercise. The user can increase or decrease the pre-load as desired. The pre- 
loading action basically partially winds up the springs 209 in the packs 194 by 
rotating the shaft 208, as opposed to the above description of a load being 
5 used by rotating the packs relative to the shaft. Referring to Figs. 13, 14 and 
15, the pre-loading mechanism is shown. The pre-loading mechanism 80 
attaches to the foot end of the frame 42, adjacent the resistance engine 52. 
The mechanism mounts on the mounting brackets 74 and 76. The pre-loading 
mechanism is actuated by a crank arm 228 extending through the foot-end 

10 upright member 68 of the frame. The pre-load mechanism includes a gear- 
reduction train 230 having a primary drive gear 232 driving a slave gear 234, 
with the slave gear driving a worm-gear assembly 236. The crank is attached 
to a threaded drive shaft 238 that extends through the front upright member to 
the primary drive gear, which is positioned behind the front upright member 

15 and adjacent the worm-gear assembly. The primary drive gear 232 is engaged 
with the slave gear 234 which axis is attached to a shaft 240 that extends into 
the worm-gear assembly 236. The drive gear is larger than the slave gear to 
give the user a mechanical advantage in actuating the worm-gear assembly. 

In the worm-gear assembly 236, a worm-gear (not shown) (on the shaft 

20 attached to the slave gear) turns another gear (not shown), that in turn rotates 
the laterally-extending shafts 208 on which the resistance engine packs 194 
are mounted. The packs 194 are then rotated around the shaft (by the shaft 
rotating), and the anchor in this situation is the cable-stop 242 attached at the 
end 176 of each cable 54, against which resistance, or a load, is established. 

25 A suitable worm-gear assembly is Series 520, Style H, Aluminum 

Worm Gear Speed Reducer, 26:1 made by Leeson Electric Corporation. 

The maximum and minimum pre-load are determined by a follower 244 
positioned on the threaded drive shaft 238 attached to the crank 228. The 
internally threaded follower 244 has two pins 246 extending therefrom that 

30 each slide in a slot 248 defined in a frame 250. See Figs. 14 and 15. When 
the pin 246 reaches either end of the slots 248, the threads bind and the crank 
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arm is no longer able to be turned. This indicates the highest or lowest pre- 
loading scenario. See Fig. 14. 

In order to keep the pre-load from changing during the use of the 
machine, which would be caused by the shaft 208 unwinding as a result of the 
5 cables 54 being extended, which would cause the worm-gear (not shown) to 
unwind, which in turn would make the crank arm 228 unwind, a lock 
structure 252 is used to keep the crank arm from unwinding. Referring to 
Figs. 13, 16 and 17, a locking plate 254 is attached to the front of the foot-end 
upright member 68. The plate defines an aperture 256 used to support the 

10 front end of the drive shaft 238 that is used to turn the drive gear 232 on the 
pre-load mechanism 80. A plurality of slots or holes 258 are formed around 
the perimeter of the aperture, either separate from or as part of the aperture. 
Fig. 13 shows the slots being separate from the aperture. The slots are 
positioned at any desired interval, and preferably every 90 degrees around the 

15 aperture. The slot receives a pin 260 on the end of the crank arm, the crank 
arm being normally biased so that the pin is inserted into one of the holes to 
keep the crank arm from unwinding. 

Referring still to Figs. 13, 16, and 17, the crank arm 228 is attached to 
the drive shaft 238 by a three-sided bracket 262. The bracket defines a bottom 

20 wall 264 that is attached to the end of the drive shaft by a nut 266. The two 
side walls 268 and 270 extend away from the bottom wall and are parallel to 
each other. The two side walls define a pivot 272 to which the crank arm is 
attached. The crank arm is attached to the pivot point 272 to move about the 
pivot point toward and away from the bottom wall. The crank arm has a 

25 pin 260 extending out of one end for positioning in one of the slots 258 

formed in the locking plate 254. The crank arm has a spring-loaded pin 274 
extending out of its body at about the half-way point along its length to 
engage the bottom wall of the bracket. The location where the crank arm is 
attached to the pivot point is approximately half-way between the locking 

30 pin 260 and the spring-loaded pin 274. The spring loaded pin biases the crank 
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arm in a manner to keep the locking pin in one of the slots formed in the 
locking plate. 

To unlock the pre-loading mechanism 80, the handle 276 of the crank 
arm 228 (see Fig. 13) is pressed toward the machine to compress the spring- 
5 loaded pin 274 and extract the locking pin 260 from the locking plate 254 (see 
Fig. 16). Held in this position, the crank arm can then be rotated to adjust the 
pre-load. When the pre-load is set properly, the user rotates the crank arm to 
the nearest slot and releases pressure on the handle to allow the spring-loaded 
pin to bias the locking pin into the selected slot. See Fig. 17. The crank arm 
10 can have a bend formed in it, with the apex adjacent the pivot point. This 
makes the crank arm easier to use when in the compressed position since it 
will then extend at substantially right angles to the drive shaft for easier 
turning. 

The cable/pulley system includes the cable 54 extending from the spiral 

15 pulley 180 and the various pulleys mounted on the frame 42 to direct the 
cable. In particular, referencing Fig. 1, the cable/pulley system includes the 
spiral pulley, the fairlead 106, the top pulley 100, the corner pulley 146, and 
the end pulley 154 for each cable. Each cable is attached at one end to the 
largest diameter 226 location on the spiral pulley, extends rearwardly through 

20 the fairlead, bends outwardly to the top pulley, bends downwardly to pass 

through the pivot 102 to the corner pulley, and bends outwardly again to pass 
through the pivot to the end pulley, and then bends in whatever direction 
necessary for the desired exercise. 

The alignment of the top pulley 100 and the corner pulley 146 to have 

25 the cable 54 extend concentric with the pivot axis minimizes the torque 

applied to the end of the arm structure 48 such that the arm will stay in the 
desired position more easily, and not be biased towards any one position. In 
addition, the cable is less likely to become misaligned on a pulley. The same 
is true for the alignment of the end pulley and corner pulley with the pivot 

30 axis between the pulley bracket 130 and the arm bracket 128. 
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The fairlead 106 acts to redirect the cable 54 extending from the spiral 
pulley 180 to the top pulley 100. Since the cable moves along the length of 
the spiral pulley as the pulley is rotated, and the cable infeed to the top pulley 
must be in line with the rotation of the pulley, the fairlead acts to allow the 
5 cable to move laterally and vertically while at the same time keeping the 
infeed of the cable to the top pulley in alignment with the top pulley. 

The fairlead 106 can be two horizontal rollers and one or two vertical 
rollers to "condition" the position of the cable 54 at the output of the fairlead. 
The fairlead could be replaced by an hourglass-shaped aperture which would 

10 have no moving parts and have a Teflon coating to allow the cable to move 
through the hourglass-shaped structure with minimal abrasion. The fairlead 
can also be a grommet or disk having an inner beveled diameter. See Fig. 5. 
In this latter instance, the fairlead is best made out of hard coat anodized 
aluminum to minimize wear on the cable and provide a hard, smooth, wear- 

15 resistant surface. The effect of all three embodiments would be the same in 
that the cable infeed to the top pulley 100 would be directed in alignment with 
the rotation of the pulley. The details of the cable/pulley system are discussed 
below. 

The free end 176 of the cable 54, which the user grasps, includes a ball- 
20 stop 242 to keep the free end from retracting along the cable/pulley path. The 
ball becomes jammed between the end pulley 154 and the end pulley 
bracket 130. The ball is clamped on the cable 54 to make sure that the 
handle 178 is accessible to the user. However, the attachment at the end pulley 
is not fixed, and allows the user to grasp a handle attached to the end of the 
25 cable and extend the cable from that point for exercising. Other types of 

termination of the free end of the cable could also be used. This termination 
structure keeps the cable from being pulled back through the cable pulley 
system. The termination structure and the pre-load lock 252 form the terminal 
ends of the spring load system (resistance engine 52) that can be loaded from 
30 either end. 
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The cable used in the cable/pulley system is preferably a 4.3-4.6 mm 
diameter, polyester-core, nylon-sheath black cord with a medium stiffness 
braid and having 1% elongation over 100 pounds of load. Other types of rope, 
cord, or coated steel cable would also be acceptable. 
5 Fig. 18 shows the linearity of the resistance engine 52 through the total 

exercise motion when the user is using the bench unit 40. The exercise 
motion is the same as or less than the total travel length of the cable, which is 
preferably 58.19". The minimum radius of the spiral pulley 180 is 
approximately 3.43" and the maximum radius of the spiral pulley is 
10 approximately 5.58". Both the minimum and maximum radii, and the number 
of rotations of the pulley needed to transition from the smaller to the larger 
radius is able to be changed depending on the non-linearity of the resistance 
engine loading. 

In the instant preferred embodiment, with the variable pulley as noted 

15 above, with the zero pre-load on the resistance engine 52, by pulling the 
cable 84 to its total length the force on the cable goes from zero to 
approximately 8.5 pounds. See line 1 in Fig. 18. Looking at line 2 in Fig. 18, 
the pre-load is approximately 14 pounds and at full extension of the cable, the 
force on the cable is approximately 17.7 pounds. Line 3 shows the load 

20 changing from 38.3 pounds to 36.9 pounds between the zero extension point 
and full extension point of the cable. Line 4 of Fig. 18 shows the load 
changing from 56.7 pounds to 56.2 pounds from no extension of the cable to 
full extension of the cable. Lines 5 and 6 also accordingly show the relatively 
level, constant load felt by the user on the cable during exercise. The initial 

25 point of the line on the graph represents the pre-load applied to the resistance 
engine by the pre-load mechanism 80 as described above. The linearity of 
these various force lines on Fig. 18 is created by the spiral pulley 180 and its 
varying radii for the cable 54. Again, as the pulley is turned under the force 
of the cable during an exercise, the cable travels to higher and higher radius 

30 on the pulley, which increases the cable's leverage (mechanical advantage) on 
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the resistance engine to counteract the increasing load created in the resistance 
engine (due to the spring-like nature of the elastomer springs). 

The bench unit 40 of the present invention thus has several beneficial 
features. The first being that the resistance engine 52 has an adjustable pre- 
5 loading level to allow the user to select a preset loads to be applied to the 
cable pulley system for a particular exercise. This preset load is kept 
relatively constant through the stroke of the exercise (through the extension of 
the cable in whatever form the user desires) and is beneficial for various 
exercises. This constant load closely replicates the effect of free-weights. A 

10 sense of inertia is also provided due to the movement of the resistance engine, 
which further replicates the free-weight lifting experience. 

The pre-load can be set from zero to approximately 100 pounds, given 
the preferable type of resistance engine 52. However, this pre-load can be 
adjustable up to any reasonable level with the use of the appropriate resistance 

15 engine. The pre-load resistance is set easily by the use of the crank arm and 
the pre-load mechanism described above. It is contemplated, however, that no 
pre-load function is required of the resistance engine. This would simply 
create a bench unit 40 with an increasing load through the exercise stroke. 

Another beneficial point of the exercise bench unit 40 is that a variety 

20 of different exercises can be performed because of the reconfigurability of the 
seat structure as well as the arm structure 48. The cable pulley system is 
integrated into the arm structure, frame 42, and resistance engine 52 such that 
when the arms are positioned in the particular location by the user, certain 
exercises can be performed. The cable pulley system is designed to minimize 

25 residual torque on the arms by the positions of the various pulleys in line with 
the pivot points on the arm. 

The bench unit 40 also is portable when tipped on its end, and is easily 
storable. It also includes a standing support platform 50 for even more variety 
of exercises. This bench unit also allows a user to select a load which is 

30 greater than the weight of the entire piece of equipment. 
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A variety of exercises can be performed on the bench unit 40. The arms 
are simply positioned as desired, and the cable ends 176 (second cable end of 
each of the two cables) pulled through its full extension. Handles 178 for 
gripping by a user's hands, as well as straps or other types of attachments can be 
5 used for other types of exercises, such as lower body exercises. 

A shroud can be used to cover the moving parts of the resistance engine 
and cable pulley system if desired. The shroud would extend outwardly to cover 
the laterally extending resistance engine, thus forming tubular lobes. The shroud 
would continue rearwardly to cover the underside of the bench if desired. A 
10 window could be formed in one of the lobes to allow the user to see an indicator 
positioned on the resistance engine (such as on the circumference of one of the 
packs), the indicator being calibrated to show the pre-load force. 

While the invention has been particularly shown and described with 
reference to a preferred embodiment thereof, it will be understood by those 
15 skilled in the art that various other changes in the form and details may be 
made without departing from the spirit and scope of the invention. 



